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Clinical Chemistry 55:4
611-622 (2009)

Special Report

The MIQE Guidelines:
Minimum Information for Publication of Quantitative
Real-Time PCR Experiments

Stephen A. Bustin,'” Vladimir Benes,? Jeremy A. Garson,** Jan Hellemans,® Jim Huggett,®
Mikael Kubista,”® Reinhold Mueller,® Tania Nolan,'® Michael W. Pfaffl,’’ Gregory L. Shipley,'?
Jo Vandesompele,® and Carl T. Wittwer'3-'4

BACKGROUND: Currently, a lack of consensus exists on
how best to perform and interpret quantitative real-
time PCR (qPCR) experiments. The problem is exac-
erbated by a lack of sufficient experimental detail in
many publications, which impedes a reader’s ability to
evaluate critically the quality of the results presented or
to repeat the experiments.

sumMARY: Following these guidelines will encourage
better experimental practice, allowing more reliable
and unequivocal interpretation of qPCR results.

© 2009 American Association for Clinical Chemistry

The fluorescence-based quantitative real-time PCR
(qPCR)"® (1-3 ), with its capacity to detect and mea-



Table 1. MIQE checklist for authors, reviewers, and editors.®

Item to check

Experimental design

Definition of experimental and control groups

MNumber within each group

Aseay carried out by the core or investigator's labaratory?

Acknowledgment of authors' contributions
Sample

Descriptian

Volumefmass of sample processed

Microdissection or macrodissection

Processing procedure

I frozen, how and how quickly?

If fixed, with what and how quickly?

Sample storage conditions and duration {espedially for FFPE? samples)
Mucleic acid extraction

Procedure andfor instrumentation

Name of kit and datails of any modifications

Source of additional reagents used

Details of DMase or RNase treatment

Contamination assessment (DMA or RMA)

MNucleic acid quantification

Instrument and method

Purity {(AzsglAzec)
Yield

Importance
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m oMM oM Mmoo

2 o m m mom B m M

Item to check

gPCR oligonudleatides
Primer sequences
RTPrimerDB identification number
Probe sequences
Location and identity of any modifications
Manufacturer of oligonuclectides
PFurification method

gfCR protocol
Complets reaction conditions
Reaction volume and amount of cDNADNA
Primer, (probe), Mgz"_ and dNTP concentrations
Polymerase identity and concentration
Buffer/kit identity and manufacturer
Exact chemical composition of the buffer
Additives (SYBR Green |, DMS0, and so forth)
Manufacturer of platesftubes and catalog rumber
Complete themocyding parameters
Reaction setup (manualirobotic)
Manufacturer of gPCR instrument

gPCR validation
Evidence of optimization (from gradients)
Specificity (gel, sequance, melt, or digest)
For SYBR Green |, Cg of the NTC

Importance
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Mame of kit and details of any modifications
Source of additional reagents used
Details of DiNase or RMase treatment
Contamination assessment (DMA or RNA)
Mucleic acid quantification
Instrument and method
Purity (AzeplAze)
Yiekd
RMA integrity: methodfinstrument
RINIRQI or C; of 3" and 5 transcripts
Electrophoresis traces
Inhibition testing (C; dilutions, spike, or ather)

Reverse transcription
Complete reaction conditions
Amount of RNA and reaction volume
Priming oligonucleotide (if using G5F) and concentration
Reverse franscriptase and concentration
Temperature and time
Manufacturer of reagents and catalogue numbers
Cs with and withowt reverse transcription
Storage conditions of cDMA

qPCR target information
Gene symbal
Sequence accession number
Location of amplicon
Amplicon length
In silico specificity screen (BLAST, and so on)
Pseudogenes, retropseudogenes, or ather homologs?
Sequence alignment
Secondary structure analysis of amplicon
Location of each primer by exon or intron (if applicable)
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Manufacturer of platesitubes and catalog number
Complete thermocyding parameters
Reaction satup (manualirobatic)
Manufacturer of gPCR instrument
gPCR validation
Evidence of optimization (from gradients)
Specificity (gel, sequence, melt, ar digest)
For SYBR Green I, C; of the NTC
Calibration curves with slope and y intercept
PCR effidency calculated from slope
Cls for PCR efficiency or SE
£ of calibration curve
Linear dynamic range
€, variation at LOD
Cls throughout range
Evidence for LOD
If multiplex, efficiency and LOD of each assay
Data analysis
qPCR analysis program (source, wersion]
Method of (q determination
Qutlier idantification and disposition
Results for NTCs
Justification of number and choice of refarence genes.
Description of normalization method
Number and concordance of biclogical replicates
Mumber and stage (reverse transcription or qPCR) of technical replicates
Repeatability (intraassay variation)
Reproducibility (interassay variation, CV)
Paower analysis
Statistical methods for results significance
Software (source, version)
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CONSENSUS STATEMENT NATURE PROTOCOLS

Table 1 | Reparting checklist for comet assay studies

Step  Comet assay parameter

Reporting

requirernent”

Motes and rationales

lzolation of cells
Preparation of a single-cell suspension
{from sobid tssee or cell culture)

Cedl type

Method for venipunclure and isolstion af
colls from blood (if colls were isolated)

Temperature and duration of transfier
froem isolation of cells to processing

of cells

Storage (in case of specimens that hawe
been oryopreserved)

Lhesirable

E=sential

Dexirable

Essential

E=mrntial

Substrate cells (for DNA repair assay only)

Subsirate cell bype

Cell density

Type of exposure used

Desirable

Dhesirable

Essential

The homogenization procedure (whether in buffer or medium) may affect
lewels of DMA damape

For human biomonitoring studies, it should be specified whether the
samples are whole blood {ic, with crythrocybes), isolated leukooytes or
peripheral blood mononuclear cells, or from which ongan or tissue the cells
are derived (buccal, sperm, ctc.)

bxpected to be of little importance in most cases, bul the gauge of needls
and anticoagulant used might affect the level of DNA damape during ocll
molation.

The temperature and time penod between isolation of cells and direct
processing in comel assay (or cryopreservation) may affect the level of
DMA damage.

I'he freerzing and thawing procedures might increase the basal level of
DMA migration. For clinical intervention studses, it is essential to know
whether samples taken at different times were analyred fresh (i, in
different experiments) or in the same comet assay experiment in the case
of crynpreserved samiples

Ihe DA content and chromosome structure differ between different
imrorlalized calls {eall lines) and belwean prirmary and immorlalized colls

The in vitro DMA repair assay measures the rate of incisions, where the
amount of enzyme is the limiting factor. Thearstically, if the DMNA
migration in cach comet depends on number of Indisions, increasing the
cell density will dilute the efiect by yielding fewer incisions per comel.
Very fow (if any) genotowic agents give rise to DMA lesions that are
repaired by only one DNA repair pathway; rather, most give rise to a
spectrum of DMA lesions. The concentrationdose of the senotoxic ament

CONSENSUS STATEMENT

pm#lomtocols

hittpes/f doiorg M0038, 541596~ 020-03598-1

": Chech for upcates

OPEN
Minimum Information for Reporting on the

Comet Assay (MIRCA): recommendations for
describing comet assay procedures and results

Peter Meller®'™, Amaya A.zqueta?'{ Elisa Boutet-Robinet®*, Gudrun Kuppens,

Stefano Bonassi®’, Mirta Milic®, Goran Gajski of Solange Costa®"’, Jodo Paulo Teixeira®
Cristiana Costa Pereira®®'", Maria Dusinska", Roger Godschalk', Gunnar Brunborg®,
Kristine B. Gutzkow", Lisa Giovannelli", Marcus S. Cooke'™, Elke Richling®, Blanca Laffon®"'%,
Vanessa Valdiglesias'’"'®, Nursen Basaran'", Cristian Del Bo'?°, Bojana Zegura®', Matjaz Novak®',
Helga Stopper®?, Pavel Vodicka®*?4, Sona Vodenkova®?*, Vanessa Moraes de Andrade®?®,
Monika Sramkova®®, Alena Gabelova®®, Andrew Collins®” and Sabine A. S. l.angieﬂ 8

9,10
]

The comet assay is a widely used test for the detection of DNA damage and repair activity. However, there are
interlaboratory differences in reported levels of baseline and induced damage in the same sxperimental systems. Thess
differences may be attributed to protocol differences, although it is difficult to identify the relevant conditions because
detailed comet assay procedures are not always published. Here, we present a Consensus Statement for the Minimum
Information for Reporting Comet Assay (MIRCA) providing recommendations for describing comet assay conditions and
results. These recommendations differentiate between ‘desirable’ and ‘essential’ information: ‘essential’ information refers to
the precdise details that are necessary to assess the guality of the experimental work, whereas ‘desirable’ information relates
to technical isswes that might be encountered when repeating the experiments. Adherence to MIRCA recommendations
should ensure that comet assay results can be easily interpreted and independently verified by other researchers.



Type of DMNA dye Essential
Concentration of dye Diesirable
Time from staining until microscopy Dhesirablo
Microecope magnification Lhesirable
Representative images of comets Desirable
Scoring and data analysis

Type of pimary comet assay descriptor Essential
Mumber of comets scored per gel and Eszential
mumber of gels sconed

Measure of the central value of comet Essential
scornes (e.g. mean or medan when image

analysis. systerns have been used for
analysis of DNA mégration)

Type of software for image analysis Essential
Calibration Desirabla

Dyes have different binding affinity to DMA and may therefore affect the
calculation of primary comet assay descriptors in the image analysis
solbware.

Maost likely does not affect the image analysis of the comets, but desirable
information for researchers who want o repeat the specific prolocol.
Certain dyes may requine incubation to produce a good flucrescent signal.
tar image analysis by software, the DNA migration differs betwesn
magnifications.

As the calculation of the %0ONA in tail {or other descriptor) may be
diffesent between different image analysic systems, it is desirable to
inclede images of comets and the kevel of DNA migration (eg., as
supplementary material or a cilation to an earlier article with
representative images. of by including images within figures).

There are different ways to measure the level of DNA migration (Le., %
DMA in tail, tail length, Gl moment and visual score). These primary
comet assay descriptors have different scales, which cannot be derectly
compared,

Impartant because of low precision in the measurement of DNA in gels
with few comets,

Using the mean versus median leved of DNA migration might affect the
estimate of DNA damage, depending on the distribution of comet scores. it
& essential that authoss clasify that mean/median value< from comet
distributions come from mdependent observations (e, different animals
of humans, of cell cullure sxperiments carried out on different days).
Ditferent software may have different algorithms for calculating primary
comet assay descriptors.

The primary comet assay descriptor ks a relative value (eg., %0MA in the
comet tail). Transformation to lesions per muclcotide or unatbered
muckeobase pair is desirable for ease of compartsons between studies,
althousgh it does not affect the quality of the comet assay analysis.

Caloulation of enzyme-sensitive sites and DMA repair activity

Caloulation of eneyme-sensitive sites Essential
Caleulation of DMA repair activity Essential

Statistical analysis of results

Results for the ensyme-modified comet assay should be reported as the
el increase (e, snryme-trealment with the 'no enzyme” level ol DA
strand breaks subtracted).

Results for DMNA repair activily should be reporled as the nel incisions (e,
repair extract treatment with the background level of DNA migration
auhiracted).

I'he statistical analysis should conform to standard practics for parametric,
nonparametric or logistic regression, depending upon the shudy design.

Substrate cells (for DNA repair assay only)

Substrate cell type

Cell density

Type of exposure used

Levels of lesions in the substrate colls

Storage (in case specimens have been

Assay controls

Negative and positive controls

Embedding the cells in the agarose
Description of the type of shdes

Hinal concentration of low-melting-point-

agarose containing cells

Lysis
Buffer composition

Desirable

Essential

Essential

OF CTYOPIeSCIved Sampics.

Ihe DNA content and ch structure differ between different
immoctalized cells (cell lines) and between primary and immortalized cells.
The in vitro DNA repair assay measures the rate of incisions, where the
amount of enzyme is the limiting factor. Theoretically, if the DNA
migration in cach comet depends on number of incisions, increasing the
cell density will dilute the effect by yielding fewer incisions per comet.
Very few (if any) genotoxic agents give rise to DNA lesions that are
repaired by only one DNA repair pathway; rather, most give rise to a
spectrum of DNA lesions. The concentration/dose of the genotoxic agent
should be reported.

1t is desirable to know the total number of lesions in the substrate colls
because the repair incision activity must be measured under conditions in
which the concentration of substrate (lesions) is not rate kmiting (in
keeping with basic enzymology).

See same item under section 1A

Assay controls should always be included and reported in studies that do
not have a positive control group.

Control groups are desirable (or even essential in certain cases). For most
purposes, however (and especially in human biomonitoring), assay
controls can replace negative and positive controls (ie, cmudpuups)

Use of 2-gel versus 12-gel format, etc, might affect the level of DNA
migration.

Ihe final concentration (percentage after the cells have been added) s
very important. As the concentration will change upon reuse of the agarose
stock solution, it should be specified if it is used more than once. It is not
informative enough o state the concentration of the stock solution.

For buccal cells, an extra lysis step with proteinase K is needed. Lysis of
sperm requires an incubation step with dithiothreitol and proteinase K to
bresk disulfide bonds in the tightly packed DNA
Ihe duration of the lysis can vary depending on the cell type. if it is too
long, this may affect certain types of DNA lesions (eg., conversion of
alkali-stabde lesions to strand breaks), and if too short, lysis might be
incomplete. It is important that the same duration is used in all
experiments.

Table continued
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Scientific Merit Review

Office use only
) INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE | . NO
RS UNIVERSITY OF KUFA
Appilication No:
ﬂpﬂﬂrﬂmlﬂm
Animal Utilization Protocol - Research

This completed Animal Utilization Protocol (AUF) needs to be submitted to, and approved by
the IACUC prior to commencement of the animal study.

PROJECT TITLE:
(
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)

1. PERSONNEL

Principal Investigator or Instructor Institution/Department | Contact — phone /

Attending veterinarian (Please read and sign | Institution / Phone Number
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University of Baghdad
College of Science
Research ethics committee
csec@sc.uobaghdad.edu.iq

Application for Biomedical Research Ethics Review

PART 1: IDENTIFICATION

11

Project Title

1.2

Principal Investigator
Full Name:

Position: Choose an item.
Email:

Department: Choose an item.
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Mustansiriyah University

College of Science

Research ethics committee
BCSMU@ uomustansiriyah.edu.iq

[Mustansiriyah University

Application for Biomedical Research Ethics Review College of Science
Research ethics committee
PART- 1: IDENTIFICATION BCSMU@ uomustansirivah.edu.iq

11 Project Title

Application for the use of Animal experiments

12 Principal Investigator
Full Mame:

Position: Choose an item.

Email PART- 1: IDENTIFICATION

Department. Choose an item.

1.1 Project Title

If this is a student/graduate/resident project, please provide the following information:

a) Student Mame: b) Supervisor Name:

1.2 | Principal Investigator

1.3 Research Site(s) where project will be carried out:
Full Name:

Position: Choose an item.
Email:

Department. Choose an item.

If this is a student/graduate/resident project, please provide the following information:

a) Student Name: b) Supervisor Mame:

1.3 Research Site(s) where project will be carried out:




Auguste Rodin’s “Le penseur” (“The Thinker”) (1904)




WNMA Declaration of Helsinki — Ethical Principles for Medical
Research Involving Human Subjects

Adopted by the 18th WhA General Azsembly, Helsmia, Finland, June 1564
and amended by the:
205 WA General Assembly, Tokyvo, Japan, October 1973
35% WhIA General Assembly, Vemce, Italy, October 1983
41% WA General Assembly, Hong Ku:uutr September 1989
48% WhA General Azsembly, Somerset W est, Republl-:: of South Africa, October 1994
52=4 WA General Aszembly, Edinburgh, Scotland, October 2000
53 WA General Assembly, Washington DC, USA, October 2002 (WNote of Clarification added)
55% WhIA General Azsembly, Tokyo, Japan, October 2004 (Wote of Clarification added)
500 WA General Assembly, Seoul, Republic of Korea, October 2008
64% WhIA General Assembly, Fortaleza, Brazil, October 2013
658 Whisd General Assemhh Durban, South Faﬁma 2014
66%= WhIA General Assemhlj. Moscow, Fussia, 2013
§7% WA General Assembly, Taipel, Tarwan, E{I 15
635 WhIA General Azsembly, Clucago, USA, 2017
69% WA General Assembly, REevlgavik, Iceland, 2018
T0%= WhIA General Azsembly, Thilizi, Georgia, 2019
717 WhIA General Assembly, Cordoba, Spain (virtual), 2020
7224 WA General Azzembly, London, UK (virtual), 2021
733 WA General Assembly, Berlin, Germany, 2022



The Nuremberg code 1947

* The first international instrument on the ethics of medical
research on human subjects

e Desighed to protect the integrity of the research subjects

e Set out conditions for the conduct of ethical research on human
subjects

* Emphasized the need for voluntary consent for research
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- 22 elderly patients were injected ~physicians claimed they had oral
with live human cancer cells consent from each study
- purpose of experiment was to participant

determine how long the foreign
cancer cells would live in debilitated
non-cancer patients compared to
patients debilitated by cancer

- patients not told what the injection
contained due to physician’s
concerns about “anxiety,” “phobia
and ignorance” about cancer in
patients




EFFECT OF LEUKOCYTES ON !
TRANSPLANTABILITY OF HUMAN CANCER

Cuzsren M. Sourmam, mp, Arexanpex Brunscuwic, Mo,
\ Axmaux G. Levin, M0,* Axp Quinino S, Dizon, mp*
»no approval by hospital research committee

~study involved Dr. Chester Southam and Dr. Emmanuel
Mandel

»3 non-participating doctors objected

~study physicians were placed on probation for one year
after being found guilty of fraud, deceit, and
unprofessional conduct

»experiment had been partly funded by the American
Cancer Society

Cancer, vol. 19, November 1966, pp. 1743-1753

2 years later, the Cancer Society elected the principal
investigator (Southam) as their Vice-President



Key elements of the
charges and convictions

~ The doctors “failed to secure a valid and informed
consent from each of the 22 patient-volunteers to
participate in the experimentation”

~Withholding information violated “the absolute right of
each patient to determine what shall be done with his own
body”

~"“No choice was given to these volunteers”
~The patients were treated as “a mere ‘guinea pig’”

» The doctors’ conduct was “unprofessional, immoral and
shocking”

(Jay Katz in Ethical Issues in Modern Medicine, p.706-717)



What is Declaration of Helsinki?

Set of ethical principles

Developed by WMA for medical community —
human experimentation

Followed Nuremberg Code (1947)

Regarded as cornerstone document of
human research ethics

Included within clinical trial protocols



Basic Principles

Confirm to the moral and scientific principles
Based on laboratory and animal experiments

Conducted only by scientifically qualified
persons

Objective Vs. Inherent risk

Special caution should be exercised by the
doctor



DECLARATION OF HELSINKI 1964
hitp/www.cip.org/iibrary/ethics/helsinki/

|. Basic principles

Biomedical research involving human subjects ...
should be based on ... animal experimentation and on
a thorough knowledge of the scientific literature.

The design and performance of each experimental
procedure involving human subjects ... should be
transmitted for consideration, comment and guidance
to a specially appointed committee ...

3 Biomedical research involving human subjects should
be conducted only ... under the supervision of a
clinically competent medical person...



4. Biomedical research involving human subjects cannot
legitimately be carried out unless the importance of the
objective is in proportion to the inherent risk to the
subject...

5. Every biomedical research project involving human
subjects should be preceded by careful assessment of
predictable risks ... and foreseeable benefits to the
subject or to others...

6. The right of the research subject to safeguard his or
her integrity must always be respected...



Physicians should abstain from engaging in research
projects involving human subjects unless ... the
hazards involved are believed to be predictable...

In publication of the results of his or her research, the
physician is obliged to preserve the accuracy of the
results...

In any research on human beings, each potential
subject must be adequately informed of the aims,
methods, anticipated benefits and potential hazards of
the study ... He or she ... is at liberty to abstain from
participation in the study and ... is free to withdraw ...
consent to participation at any time...



10. When obtaining informed consent for the research
project the physician should be particularly cautious if
the subject is in a dependent relationship to him or her

11. In case of legal incompetence, informed consent
should be obtained from the legal guardian ...
Whenever [a] minor child is in fact able to give a
consent, the minor's consent must be obtained in
addition to the consent of the minor's legal guardian.

12. The research protocol should always contain a
statement of ... ethical considerations.
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We are studying the possibility of preventing
epidemics of hepatitis on a new principle.
Virus is introduced and gamma globulin given
later to some, so that either no attack or only

e a mild attack of hepatitis is expected to follow.
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1. Purpose of study. 3. Methodology.
What is the hypothesis to be tested; or . Describe the study design.

the goal or aim of the study; or - How will the data be analyzed?

the research question to be evaluated?

4. Participants.
Inclusion and exclusion criteria
Number of participants sought
Source of participants

2. Description of study.
Describe the elements of your research study.

What is the rationale or justification for a research
study which involves human subjects?



4. Participants (cont'd)

Recruitment 5. Potential risks and harms to all parties.

How will volunteers be approached? By whom? - Risks and harms to research participants.
i ion? . . . .
Wi 5-illige” ol e - Risks include physical, psychological, and

Direct benefits to participants emotional harms, inconveniences, or
Will potential participants be offered any direct consequences of participating in study.
benefits? | - Loss of privacy and breach of confidentiality
No enticements or elements of coercion to participate are both harms.

should be offered.

Compensation

Volunteers should not be paid any substantial
compensation that would be considered coercive.



6. Potential benefits.

Direct benefits to research participants (if none,
this should be clearly stated).

Benefits to other involved parties.
Compensation is NOT a benefit.

7. Balance of risks/harms and benefits.

Do the potential benefits outweigh the potential
risks and harms for the research participant?

8. Deception.

If research participants will be deceived
concerning any aspect of the research study, a
full justification for deception must be offered.

Normally, deception is unethical.
9. Alternatives to participating in study.

Potential participants should be informed of
any interventions that would be alternatives to
participating in this research study.



Potential Ethical Problems

Possibility that placebo controlled trials
might be allowed in emerging countries

Concerns re: availability of optimal care of
patients

Able to wuse argument that ‘standard’
treatments not normally available within
emerging country

Financial incentives for Pharma companies
Ethical Hypocrisy
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Hope it will be easy for you
You can fell free to contact me
zaynab.saad@iccmgr.org

Thank you for attending this
workshop
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